To study the results of different surgical strategies in the treatment of liver hydatid disease.
H YDATID DISEASE IS ENdemic mainly in the Mediterranean countries (particularly Greece), the Middle East, the Baltic areas, South America, India, northern China, and other sheep-raising areas 1, 2 ; however, owing to increased travel and tourism all over the world, it can be found anywhere, even in developed countries. Hydatid disease is a zoonotic infection caused by adult or larval stages of the cestode Echinococcus granulosus. Two types of E granulosus life cycle patterns have been described in Europe, Asia, and North America: domestic and sylvatic. 3, 4 The former involves domestic ungulates, mainly sheep, as intermediate hosts and dogs as definitive hosts. The latter life cycle involves wolves, dogs, and cervids, such as moose and reindeer, and occurs in higher latitudes. However, in other endemic areas, such as Australia and New Zealand, there is an unusual cycle with wild dogs as the definitive host, and macropods (kangaroos and wallabies) and feral pigs as intermediate hosts. 5, 6 The adult tapeworm grows in the small bowel of its definitive host, the dog, attached to the mucosa by hooklets. Humans become infected via ingestion of eggs as a result of direct contact with infected dogs that shed proglottids or through the ingestion of vegetables spoiled with dog feces containing eggs. When ingested, the eggs liberate their larvae in the duodenum of the intermediate host (sheep or human). The larvae cross the intestinal wall and via the portal system migrate to the liver, where they are transformed into cysts (Figure 1) . Thus, the liver is the organ most frequently infected by this parasite (50%-90%). 2, 7, 8 Some larvae may pass through the liver and settle in the lungs and other organs (central nervous system, bones).
Once in the human liver, cysts grow as much as 1 cm during the first 6 months and 2 to 3 cm every year thereafter, depending on the host's physical resistance. 9, 10 The liver cysts may be asymptomatic for years, and occasionally spontaneous regression has been noted. More commonly the disease is slowly progressive and symptoms as well as complications may arise. 7 Without treatment, the cysts grow and may form fistulas into adjacent organs or rupture into the peritoneal cavity. Older cysts tend to form exogenous daughter cysts, a significant factor for recurrence of the disease after surgery. 11, 12 When the results of medical therapy for hydatid disease are not satisfactory, surgery remains the mainstay of treatment. Several surgical techniques have been proposed for liver disease, like classic open surgical techniques including cyst ablation, unroofing of the cyst with omentoplasty, cyst drainage, marsupialization, pericystectomy, and liver resection for large cysts. 2, 7, [12] [13] [14] Resection of small superficial cysts may be a simple and fast procedure; however, in the case of large cysts, cystectomy involves a major liver resection with its associated operative risk. 12, 15 Conservative procedures, such as cyst drainage or omentoplasty on the residual cavity, are easier to perform, but they carry a considerable morbidity and recurrence rate. 16, 17 More recently, minimally invasive procedures, such as percutaneous aspiration of cysts and laparoscopic surgery, have been included in our armamentarium against this disease. 18, 19 The choice of surgical therapy depends on the patient's general condition, the number and localization of cysts, and the surgeon's expertise.
This article deals with retrospectively reviewed and long-term results of different surgical procedures performed in 287 patients treated for liver hydatid disease in our center during a 28-year period.
METHODS
Between January 1977 and June 2004, 287 patients were treated surgically for liver hydatidosis at the 2nd Department of Propedeutic Surgery of the University of Athens, Athens, Greece. The study group consisted of 129 men (45%) and 158 women (55%). Ages ranged from 29 to 88 years (mean age, 55.4 years). All patients were infected by E granulosus and were of Greek origin. The most common complaints were dull pain at the right upper quadrant and epigastrium, and a palpable mass, which were present in 70% and 28% of cases respectively. The less common symptoms were dyspepsia, fever, jaundice, urticaria, and hydatidemesis as presented in Table 1 . Eleven percent of the patients were asymptomatic and the disease was discovered during a medical check-up.
The diagnosis was established by combining the physical findings and results of the laboratory tests. The hematological tests had a very low sensitivity, with eosinophilia present only in 35% of the patients. Liver function test results were abnormal in 43% of the patients, the elevation of serum alkaline phosphatase being the most common finding. The Casoni skin test has been abandoned as a diagnostic tool since 1980, because of its low diagnostic value and the allergic reactions that it occasionally caused. Among the serological tests, counter immunoelectrophoresis had a high sensitivity, being positive in 92% of patients.
Plain abdominal x-ray films, ultrasonography, and computed tomography were used to support the diagnosis. Ab- dominal radiographs (Figure 2) showed calcification of the cyst wall in 114 patients (40%), elevation of the right hemidiaphragm in 63 cases (22%), and displacement of the stomach to the left in 28 cases (9.8%). Liver scintigraphy was being used for the diagnosis until 1980, but it was replaced by ultrasonography and computed tomography. 2, 20 Ultrasonography was diagnostic in 180 of 196 patients in whom it had been used (sensitivity, 92%). Computed tomography (Figure 3 ) was diagnostic in 187 of 192 patients in whom it was used (sensitivity, 97.4%).
The latter imaging studies revealed that liver cysts were single in 189 cases (65.8%) and multiple in 98 cases (34.14%). Cysts were found in the right lobe in 192 cases (67%), the left lobe in 66 cases (23%), and in both lobes in 29 cases (10%) ( Table 2 ). Eleven patients (3.8%) had concomitant hydatid cysts in other organs: 3 in the spleen, 2 in the kidney, and 6 in the lung. Twelve patients had disseminated intra-abdominal disease with multiple cysts located in the abdominal wall and intestinal wall, the omentum, the mesentery, the mesocolon, the retroperitoneal space, or the pelvis. The diameter of the cysts ranged from 1.3 to 36 cm, with a mean size of 11.6 cm. Seventeen patients (5.9%) had infected cysts. Communication of the cyst with the biliary tree was documented in 42 cases (14.6%); migration of the daughter cysts in the common bile duct occurred in 18 cases (6.3%). Hepatobronchopleural fistula was present in 3 cases (1%), and rupture of a liver cyst into the right pleural space that resulted in pleuritis occurred in 2 patients (0.7%).
Follow-up performed at 6-month intervals included a history, physical examination, liver function tests, serological tests, and ultrasonography. Computed tomography of the abdomen was obtained every year. Thirty-three patients were lost to followup. For the remaining patients, follow-up ranged from 6 months to 17 years (median, 4.8 years).
Statistical analysis was done using the 2 test and the Fisher exact test (PϽ.05 was considered significant). 
RESULTS
Treatment was surgical in all of the cases. To facilitate the study of the results, patients were classified into 2 groups according to type of surgical procedure ( Table 3) . Group A comprised 63 patients who had undergone external drainage (42 patients with infected cysts, 16.3%), marsupialization (12 patients, 4.6%), or simple closure of the cyst (9 patients, 3.5%). Group B comprised 224 patients who had undergone a variety of procedures: partial cystectomy with omentoplasty was performed in 153 patients (53.3%); pericystectomy was performed in 17 cases (5.9%) with superficial cysts (Figure 4A and Figure 4B ), whereas in 3 patients with solitary cysts located in the left hepatic lobe, left lateral segmentectomy was performed. In 1 case with a large cyst located at the right lobe, a segment of the diaphragm was used as flap, and in another case with a cyst in the IV B segment, a sheath of the rectus abdominis muscle was used. A right hepatectomy was required in 1 case with a huge cyst occupying the largest part of the right hepatic lobe. In 2 recent cases (0.7%) with small superficial cysts, laparoscopic drainage of the cysts was carried out successfully. In 2 other cases (0.7%) with small cysts located deep in the hepatic parenchyma-1 case with a 4-cm cyst located in the VI hepatic segment and 1 case with a 6-to 7-cm cyst occupying the II and III hepatic segment-radiofrequency ablation was used to eliminate the cysts (Figure 5 ). In the remaining 36 cases (10.8%) with 2 or more cysts, a combination of procedures was performed, such as omentoplasty combined with cyst excision or external drainage. Most of the intraperitoneal cysts were excised. In 3 patients with concomitant cysts in the spleen, splenectomy was also performed. In 42 cases with cystobiliary communications, a cholecystectomy with common bile duct exploration was performed, followed by a T-tube insertion in 18 cases because of daughter cysts present in the common bile duct. Cystobiliary communications were closed with fine absorbable sutures, the residual cavity was filled with an omental pedicle, and a drainage tube was left in situ in the cavity. In 2 cases the common bile duct was dilated because it contained hydatid debris and choledochoduodenostomy was carried out. Three patients with hepatobronchopleural fistulas underwent evacuation and irrigation of the bronchial tree during bronchoscopy. Rupture of the cyst into the thoracic cavity was managed using a thoracophrenolaparotomy. Communication was limited to the pleural space only in 2 cases and was managed with removal of hydatid debris, closure of the diaphragmatic defect, and temporary drainage of the pleural cavity.
The postoperative course in the majority of patients was satisfactory. Mean hospital stay was 17 ± 9.2 days. Postoperative complications consisted mainly of septic complications, such as hepatic abscess in 10 patients, wound infection in 15 patients, and pneumonia in 11 patients. All these complications were managed as anticipated except for 2 cases with hepatic abscess, which required surgical drainage, and 2 cases with severe wound infection, which required surgical cleansing. Three patients with severe septic complications developed generalized sepsis and died of septic shock 2 to 3 weeks postoperatively. Five patients who had undergone pericystectomy developed postoperative hemorrhage immediately after surgery, which was managed expectantly, except for 1 case in which surgical exploration was required with ligation of the bleeding vessel. One patient who had undergone a right hepatectomy developed a hematoma at the site of the resected lobe, which was managed conservatively. Two patients with cystobiliary communications developed a bile fistula and 14 others required prolonged tube drainage, which lasted for a mean period of 4±2.3 months. Three patients developed deep vein thrombosis in the early postoperative period, and 1 had a lethal pulmonary embolism a few days later. Two patients had an episode of postoperative bowel obstruction and 1 patient required reexploration ( Table 4 ).
If the complications are reviewed according to type of procedure, one realizes that group A patients had a significantly higher complication rate (36.5%) compared with group B patients (17.85%) (PϽ.05). Thus patients who underwent the formerly used procedures, such as marsupialization, simple closure, and external drainage, were more prone to serious complications (Table 4) .
During long-term follow-up, 19 patients had recurrent liver cysts (6.6%) ( Figure 3 ). Eleven patients had undergone partial excision of the cyst with omento-plasty. There was 1 marsupialization, 2 external drainages, and a combination of the procedures in the remaining 5 patients ( Figure 5 ). Three of the latter had recurrent peritoneal cysts; most cysts were excised, and the remaining were neutralized. One patient who had undergone a right lobectomy for a huge hydatid cyst had recurrent cysts in the remaining segment of the right lobe. This patient underwent an atypical liver resection including the cysts ( Figure 5 ). If we review the recurrence rate according to type of procedure, we may conclude that conservative techniques with or without omentoplasty (256 cases) had a high recurrence rate (19 recurrent cysts overall; rate, 7.42%) as compared with radical procedures (31 cases), ie, complete cyst resection with or without resection of a hepatic segment, which had a low recurrence rate (1 recurrence overall; rate, 3.22%; P =.41).
COMMENT
Hydatid disease remains a continuous public health problem in endemic countries. According to our experience, the liver is the most common site for hydatid disease (75% of cases), followed by the lungs (15%), the spleen (5%), 21 and other organs (5%), 2,22,23 being in accordance with other studies. 1, 14, 24 Although the disease is asymptomatic for many years because of the slow growth of the cyst, it is progressive, may cause life-threatening complications, and has the tendency to recur. 12, 14 The hydatid cyst gradually enlarges in the liver parenchyma and may cause symptoms such as dull pain in the right upper quadrant, hepatomegaly, and formation of a palpable mass. 20 Daughter cyst formation may develop from the inner germinal layer in the cyst cavity or exogenously. 12 This may explain why there are 2 or more cysts in the livers of certain patients. The cyst may also rupture into the bile ducts and release daughter cysts, resulting in biliary colic and jaundice 25 ; this occurred in 6.3% of our patients. Infection is another complication, which occurs when both the pericyst and the endocyst perforate, allowing bacteria to pass easily into the cyst. Infection usually manifests as a hepatic abscess. 9, 26 Rarely, the cyst ruptures into the bronchial tree causing hydatidemesis, 20 which occurred in 3 of our patients. The presence of intraperitoneal hydatidosis accompanying hepatic disease, as was the case of 12 of our patients, is usually due to microperforations or contamination during previous surgery. However, direct perforation of a liver cyst into the peritoneal cavity may occur, resulting in acute abdominal pain and systemic anaphylactic reactions. 27 Diagnosis of liver hydatid disease is made with ultrasonography and computed tomography. Both studies show large cystic lobulated structures containing multiple daughter vesicles or membranes, septa, and hydatid sand. The cyst wall may appear partially or heavily calcified. Partial calcification of the cyst does not always indicate death of the parasite, whereas densely calcified cysts are considered inactive. However, even without calcification, a hydatid cyst usually demonstrates a high attenuated wall on unenhanced computed tomography. 9, 10 In our experience, ultrasonography and computed tomography had a sensitivity of more than 90%. The disease is confirmed by a high antibody titer to hydatid antigen using the counter immunoelectrophoresis test. 2, 20, 28 Counter immunoelectrophoresis results were positive among our patients in 92%, and was a diagnostic tool of great reliability and sensitivity. Enzyme-linked immunosorbent assay, with a 56.7% to 70% sensitivity rate, 29 is considered highly specific for the diagnosis of human echinococcosis, especially when used for locations other than the liver or the lung, or for calcified cysts. 30 Other laboratory tests, such as hematological tests and biochemical liver tests, are considered less sensitive, although some authors suggest that determination of absolute and relative eosinophil count is important. 29 In this series, eosinophilia was present in 35% of patients, and abnormal liver function was found in 43% of patients. The Casoni skin test has been abandoned since 1980 because of its low sensitivity and its allergic complications in several cases. 1, 2, 14 Fine-needle aspiration cytology is also proposed as a useful diagnostic method, because it does not cause any complications and can help in the diagnosis. 29, 31, 32 Medical treatment of hydatid liver cysts, primarily induced in the 1970s, is based on benzoimidazole carbamates, such as mebendazole and albendazole. It has been proposed that these agents contribute to clinical improvement of the disease by diminishing the size of the cysts and preventing distal metastasis. The factors for success seem to be the ability of the drug to penetrate the cyst wall and the persistence of adequate levels of the active metabolites. Albendazole seems to be more effective owing to better penetration and absorption. 33, 34 These agents have actually been used in several studies as a conservative treatment, leading to some decrease or stabilization of the cyst size, especially in cases with small cysts. 31, 33, 34 However, their clinical efficacy still remains doubtful. 12, 30, 33, 35 They are used mainly for disseminated systemic disease, inoperable cases, and-combined with surgery-to prevent postoperative recurrence. 7, 12, 33, 36 In all cases, follow-up with ultrasound examinations is necessary, because the disease progress does not produce specific symptoms in most cases. 29 Considering the relative insufficiency of medical therapy, surgery remains the primary treatment for liver hydatidosis. However the choice of the appropriate operating method still constitutes a controversial issue. The main principle of surgical treatment is to evacuate the cyst while avoiding spillage of cyst contents, neutralization of the cyst, and obliteration of the residual cavity. 15, 16, 20, 30 During evacuation it is highly important to prevent spillage of daughter cysts in the peritoneal or pleural cavity. Different scolicidal agents have been used to irrigate the cyst cavity together with abdominal packing or suturing of a plastic drape to the cyst wall. The use of formaldehyde solution for irrigation has been abandoned because of serious complications, such as sclerosing cholangitis and acute pancreatitis. 7, 12, 20, 37, 38 The same complications, but to a less perilous level, may appear by using hypertonic saline solution. There have been some cases of severe hypernatremia after acute absorption of sodium chloride in high concentrations. 2, 39 Despite some authors' objections, 7, 40 hypertonic saline solution has been widely used, as well as in this study, without any severe complications. 2, 15, 40 Several other precautions have been suggested to prevent intraoperative contamination of the peritoneal cavity during evacuation: partial decompression of the cyst before opening the cyst wall and the use of wide-tubing suckers, as cyst contents frequently block the suction devices during evacuation. 12, 41 Adequate drainage and obliteration of the remaining cavity is a necessary procedure to minimize the possibility of serum or blood accumulation or liver abscess formation. 30, 36 These situations, along with biliary leakage, constitute the main postoperative complications and the principal reasons for morbidity and mortality among these patients. 7, 12, 30 Conservative techniques consist of external drainage or marsupialization and internal drainage, 1 evacuation and capitonnage, 2 or omentoplasty. 16, 20, 42 In previous studies, it has been shown that there is a remarkably lower morbidity and mortality rate among patients treated with cyst excision and omentoplasty. 1, 16, 20, [42] [43] [44] Furthermore, in the current study omentoplasty and radical procedures had a significantly lower complication rate than external drainage, simple closure, and marsupialization. Drainage procedures in particular may cause severe complications such as hepatic abscess, biliary leakage, and fistulas, leading to a prolonged hospital stay. 13, 45 During our study period, partial excision with omentoplasty was widely used, and was applied in 53.3% of patients, leading to better postoperative results. There was a trend to abandon marsupialization, practiced only in 4.6% of the early cases of the study. Different serious complications were observed with the application of this method, such as biliary leakage, vessel injuries and hemorrhage, sepsis, cholangitis, and allergic shock. 13, 15, 45 External drainage is unavoidable for complicated cases (16.3%), such as infected cysts or cystobiliary communications. 15 Uncomplicated cysts located deep in the liver parenchyma can be managed with internal drainage.
Recent studies indicate that evacuation of the cyst content can be carried out successfully using a laparoscopic trocar. It seems that this method has a better yield for posterior cysts and it generally diminishes the risk of spillage into the peritoneal cavity and the rate of recurrence. 46, 47 In addition, it is a simple and universally applicable technique, with better aesthetic results, and minimizes the length of hospital stay. This procedure has been performed successfully in 2 of our recent cases with superficial cysts close to the liver capsule.
Radical techniques, such as total pericystectomy, when feasible, provide better results, because they minimize (REPRINTED) ARCH SURG/ VOL 141, NOV 2006 the risk of postoperative complications and recurrence. 7, 48, 49 Indeed, in our study, the recurrence rate after radical procedures was very low. These techniques reduce the incidence of biliary leakage and minimize the chance for exogenous cyst formation. 12 Among the radical procedures, total pericystectomy is the treatment of choice, because it does not carry the risk of liver function compromise caused by resection of hepatic tissue. 12, 48 In our institute, pericystectomy was performed in 17 cases (5.9%) with superficial liver cysts or peritoneal cysts.
Hepatic lobectomy should be applied only to large or multiple cysts displacing the parenchyma of a liver lobe. Smaller cysts can also be managed by segmentectomies or atypical liver resections. 14 All radical procedures carry the risk of intraoperative or postoperative bleeding, owing to the absence of a true surgical cleavage with the liver parenchyma. 2, 12 This risk is much larger for cysts adherent to the hepatic veins, inferior vena cava, or hepatic hilum. 50 In our study, there was a 29.4% rate of postoperative hemorrhage among patients who underwent pericystectomy.
The most common complications during management of liver hydatidosis are ruptures into the biliary tract or the thoracic cavity. 30, 51, 52 In cases with rupture into the biliary tract, exploration of the biliary tract and removal of the hydatid debris with cholecystectomy and placement of a T-tube for drainage is necessary. 15, 36, 42 Prolonged tube drainage in cases with cystobiliary communications may increase the postoperative hospital stay. 2, 12, 15, 36 In our study, cholecystectomy with exploration of the common bile duct and omentoplasty was performed in all cases with cystobiliary communications. This procedure leads to more satisfactory control of biliary leakage for fistulas greater than 5 mm in diameter. 16 Cases with common bile duct dilatation and retained hydatid cysts in the bile duct, especially when there is jaundice, are managed with choledochoduodenostomy or endoscopic sphincterotomy. 15, [51] [52] [53] Endoscopic retrograde cholangiopancreatography with sphincterotomy is an alternative method of treatment in cases with cholangitis secondary to hydatid disease. 53 Thoracic involvement occurs in 0.6% to 16% of cases of hepatic hydatid disease. 9, 54, 55 It is managed with the transthoracic approach and thoracotomy if the biliary tract is intact. If biliary leakage is involved, the abdominal approach becomes necessary for drainage to be done. Pulmonary resection or lobectomy may be required in some cases. 30, 54 When both liver and lung hydatidosis are present, a thoracic transpleural approach seems to be the method with best results. This technique carries a particular indication for cysts located in the right lobe and the upper pole of the liver. 2 Alternatively, bronchoscopy can be used for evacuation and irrigation of the bronchial tree.
The morbidity rate after surgery for hepatic hydatidosis has been reported to range from 6% to 47%. 17, 36, 42, 48 In this study the overall morbidity rate was 21.9%, with main complications being the septic and prolonged tube drainage in patients with cystobiliary communications. Preoperative complications, comorbidity, and infection in the residual cavity are considered the main causes of death in hepatic hydatid surgery ranging from 1% to 3% according to various studies 42, 48 (1% in our study).
Recurrence of hydatid disease in the liver parenchyma constitutes a main concern in these patients' postoperative course. It usually results from spillage of hydatid fluid containing daughter cysts during the operation or incomplete resection of the cyst following conservative procedures, leaving residual vesicles in place. 7, 12, 56 It has been reported that recurrence rates range from 6% to 25% when omentoplasty is used. 2, 17, 57 In this study the total recurrence rate was 6.6%. In regards to cases treated with omentoplasty, recurrence has been the main problem; 7.2% of the patients managed with this procedure developed local recurrence. However, the recurrence rate after radical procedures was very low, but not zero. This fact shows that even by using radical procedures for the treatment of hydatid disease, the possibility of recurrence always remains.
The lack of symptoms in most cases with recurrence make long-term follow-up after surgery a necessity. It is suggested that patients are followed up with ultrasonography every 6 months or with computed tomography annually for at least 3 years, as most recurrences are observed in this time period. When revealed, recurrent cysts should be managed by percutaneous drainage or radical surgery combined with albendazole therapy. 30, 57 In conclusion, conservative techniques offer an effective control of hepatic hydatidosis and they can replace unnecessary radical procedures when possible. In all cases, when the operative strategy is chosen after consideration of multiple factors referring to the patient's particular medical situation, such as the size and location of the cyst, existing complications, and other diseases, the ideal result can be achieved with a minimal risk of postoperative morbidity or recurrence.
